The new generic name Bryobilimbia is proposed for Lecidea hypnorum and the closely related taxa Lecidea ahlesii var. ahlesii, L. ahlesii var. nemoralis, L. diapensiae, L. sanguineoatra and Mycobilimbia australis. A phylogenetic analysis based on five genes shows that Lecidea berengeriana does not belong to this group but is more closely related to Romjularia. Both groups of species have been included in Mycobilimbia by some authors but are instead shown to be most closely related to a group of genera (including Clauzadea, Farnoldia, Lecidoma and Romjularia) that do not belong to Lecideaceae s. str. A neotype is selected for Lichen sanguineoater Wulfen and the new combinations Bryobilimbia ahlesii var. ahlesii, B. ahlesii var. nemoralis, B. australis, B. diapensiae, B. hypnorum and B. sanguineoatra are proposed. A lectotype is also selected for L. templetonii Taylor.
Introduction
It has long been recognized that Lecidea hypnorum Lib. and its close associates form a distinctive group unrelated to Lecidea fuscoatra Ach., the type species of the genus. It appears more closely related to Clauzadea Hafellner & Bellem. (Hawksworth & Coppins 1992) , although Meyer (2002) , in her study of Clauzadea, explicitly excluded L. hypnorum from that genus. The core species of the group were transferred to Mycobilimbia Rehm by Kalb & Hafellner in Wirth (1987) although they are clearly not congeneric with M. obscurata (Sommerf.) Rehm, the type species of that genus. Recent molecular studies (Arup 2004; Buschbom & Mueller 2004; Schmull et al. 2011 ) have confirmed that Lecidea hypnorum cannot be accommodated in either Lecidea or Mycobilimbia, and that it is more closely related to Clauzadea, Farnoldia Hertel, Lecidoma Gotth. Schneid. & Hertel, and Romjularia Timdal. Currently, some authors prefer to describe additional species in, or transfer them to, Mycobilimbia (e.g. , Hafellner 1989; Kalb & Hafellner 1992; Sarrió n et al. 2003; Kantvilas et al. 2005) , whereas others choose to retain the species in Lecidea (Hertel & Printzen 2004; Coppins & Fryday 2006; Fryday 2008; Aptroot et al. 2009 ). This situation, where two genera are available although the species are not congeneric with the type specimen of either, is clearly unsatisfactory and this study is an attempt to resolve the issue.
Materials & Methods

DNA extraction and PCR amplification
DNA was extracted from 2-3 apothecia per thallus using the QIAquick0 Plant Mini Kit (Qiagen) according to the manufacturer's instructions. Five gene loci were amplified with the following primers: ITS1F (Gardes & Bruns 1993) and ITS4 (White et al. 1990 ) for the internal transcribed spacer region of the ribosomal DNA (ITS), mrSSU1 (Zoller et al. 1999 ) and MSU7 (Zhou & Stanosz 2001) for part of the small subunit of the mitochondrial ribosomal DNA (mtSSU), LR0R and LR7 (Vilgalys Laboratory, Duke University: http:/www.biology.duke. edu/fungi/mycolab/primers.htm) for the first part of the large subunit of the nuclear ribosomal DNA (nuLSU), RPB1-Af (Stiller & Hall 1997) and RPB1-Cr (Matheny et al. 2002) for part of the largest subunit of RNA polymerase II (RPB1), and RPB2-5f and RPB2-7Cr (Liu et al. 1999) for part of the second largest subunit of RNA polymerase II (RPB2). 25 ml PCR reactions were carried out using PCR-PuReTaq Ready-to-Go Beads0 (GE Healthcare). For ITS, mtSSU and nuLSU, reactions contained 5 ml of DNA extract, 1 ml of each forwardand reverse-primer (10 mM) and 18 ml of distilled water. Cycling conditions included initial denaturation at 94 C for 5 min; 5 cycles of 94 C for 30 s, 54 C for 30 s, 72 C for 1 min; 33 cycles of 94 C for 30 s, 48 C for 30 s, 72 C for 1 min; and a final extension step at 72 C for 10 min. For RPB1 and RPB2, PCR reactions contained 10 ml of DNA extract, 3Á5 ml of each forward-and reverse-primer (10 mM) and 8 ml of distilled water. Cycling conditions were as follows: for RPB1 initial denaturation at 95 C for 5 min, 8 cycles of 95 C for 1 min, 58 C for 1 min, 72 C for 1 min 45 s, 34 cycles of 95 C for 1 min, 50 C for 1 min, 72 C for 1 min 45 s, and a final extension step at 72 C for 10 min; for RPB2 initial denaturation at 92 C for 2 min, 8 cycles of 94 C for 1 min, 59 C for 1 min, 72 C for 2 min, 33 cycles of 95 C for 30 s, 50 C for 30 s, 72 C for 2 min, and a final extension step at 72 C for 10 min. PCR products were run on agarose gels, bands cut out and purified using the QIAquick Gel Extraction Kit (Qiagen). Purified DNA was labelled with the BigDye0 Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and cycle sequenced at 94 C for 30 s, with 29 cycles of 95 C for 15 s, 45 C for 15 s, and 60 C for 4 min using the PCR primers. Sequences were determined on an ABI PRISM2 3730 DNA Analyzer (Applied Biosystems), and assembled and edited using Geneious Pro, version 5. 6.5 (Biomatters Inc.) .
BLAST searches in GenBank were performed to ascertain that all sequences used in the phylogenetic analyses originated from the lichens and not from contaminating organisms such as parasymbiotic fungi. Single gene datasets containing the sequences listed in Table 1 were compiled and aligned in Geneious Pro, version 5.6.5, using the Muscle algorithm with default settings. Regions of uncertain alignment were removed using GBlocks version 0.91b (Castresana 2000) , applying default settings but allowing gap positions in half of the sequences. After excluding uncertain alignment, the RPB1 and RPB2 sequences of Lecidea auriculata consisted only of missing data. Accordingly, the species was removed from these datasets. Final alignments comprised 25 sequences, 373 bp (ITS), 26 seq., 620 bp (mtSSU), 27 seq., 902 bp (nuLSU), 12 seq., 663 bp (RPB1) and, 13 seq., 702 bp (RPB2).
Datasets were concatenated to yield a final alignment of 30 sequences and 3260 bp length. The optimal partitioning scheme and substitution models for each data partition, inferred with the help of PartitionFinder version 1.0.1 (Lanfear et al. 2012 ) using default settings and suggesting eleven data blocks (ITS1, 5.8S rDNA, ITS2, mtSSU, nuLSU, and three independent codon positions for RPB1 and RPB2), are listed in Table 2 . We used the Markov Chain Monte Carlo (MCMC) approach implemented in MrBayes, version 3.2 (Ronquist et al. 2012 ) to infer phylogenetic trees for the single gene datasets, applying the substitution models and partitioning schemes inferred with PartitionFinder and default settings of MrBayes with three exceptions. We used a proportional model on partition-specific rates, gamma distributed rates across sites modelled as six discrete categories and with a mean 1 exponential prior, and an empirical Bayes approach to select the mean of the exponential branch length prior. The mean of the branch length prior was inferred by calculating ML trees for all single gene datasets and the concatenated dataset using raxmlGUI version 0.9 beta 2 (Stamatakis 2006; Silvestro & Michalak 2010) and applying either an unpartitioned GTRGAMMAI model (mtSSU, nuLSU) or a partitioned model with separate, proportional GTRGAM-MAI models (the rest) and 20 runs. The mean branch lengths of the ML trees were then used as means of the exponential distributions.
The single gene MCMC trees were compared to identify conflicting phylogenetic signals between datasets. Three supported conflicts were detected (data not shown), which concerned the positions of Lecidea lapicida and L. silacea. In mtSSU, L. lapicida appeared as the sister taxon of L. silacea, in nuLSU its position was outside a well-supported clade of L. silacea, L. confluens and Porpidia speirea. In RPB2, it formed a well-supported clade with L. fuscoatra, L. grisella and P. speirea that excluded L. silacea. The different positions of L. silacea in nuLSU and RPB2, either inside or outside a clade with P. speirea, were also well supported. Because none of these conflicts concerned taxa connected with the L. hypnorum group, we decided to infer phylogenetic relationships based on a concatenated dataset containing all five gene regions. The inferred branch length prior for the MCMC analysis of this dataset followed an exponential distribution with mean 1/19. MrBayes was set to sample every 500th tree from three independent runs, each with four chains with the temperature increment parameter set to 0Á15. The average standard deviation of bipartition frequencies among runs was calculated every 1 M generations to infer convergence of the Markov Chains, discarding the first 50% of the trees sampled as burn-in and including only those bipartitions with a frequency of at least 10%. The analysis was stopped after 2 M generations when the standard deviation had dropped below 0Á01. Finally, we also calculated a ML bootstrap tree for the concatenated dataset using raxmlGUI and unlinked GTRGAMMAI models for the five partitions inferred by PartitionFinder.
Results
The results of the molecular analysis ( Fig. 1) indicate that L. hypnorum belongs to a wellsupported group of closely related species that also includes Mycobilimbia australis Kantvilas & Messuti, Lecidea diapensiae Th. Fr. and L. sanguineoatra auct. Because these species are also morphologically and anatomically n/a n/a n/a n/a Eremastrella crystallifera GenBank n/a n/a EF524307 EF524327 n/a Farnoldia jurana GenBank EU263920 AY532984 GU074511 n/a n/a Lecidea atrobrunnea GenBank HQ650657 HQ660535 HQ660560 n/a HQ660524 n/a n/a P. flavicunda GenBank n/a DQ314903 n/a n/a DQ315026
Rhizocarpon disporum GenBank HQ650708 AF356678 n/a n/a AY641069 R. geographicum GenBank DQ534482 AY853389 AF483187 n/a n/a In the phylogenetic tree they form a sister group to the Clauzadea-Romjularia clade but the inter-relationships between these two clades and Bryobilimbia are not supported. The family Lecideaceae s. str., including Lecidea and Porpidia but also Eremastrella, appears monophyletic but the genera Lecidea and Porpidia are non-monophyletic. Our phylogenetic analysis resulted in an anomalous position for two of the specimens for which sequences were obtained from GenBank; the sequences for Helocarpon crassipes Th. Fr. (AY756322, AY756384) placed this specimen firmly within our new genus, whereas the sequences for Lecidea hypnorum (HQ650664, AY533005, HQ660569) resulted in this species appearing paraphyletic with our newly obtained sequences of this species. However, examination of the specimens from which the GenBank sequences were obtained showed that they had been incorrectly identified: the H. crassipes specimen was a species of Bryobilimbia, although its identity is currently unclear, whereas the L. hypnorum collections were referable to B. sanguineoatra, which is consistent with their position in our analysis. The lectotype has an olivaceous subhymenium and this character is shared by many collections from Diapensia. However, other collections from Diapensia lack this pigment and are otherwise similar to B. sanguineoatra. The taxonomic status of these collections is currently unclear and warrants further study. Based on Wulfen's description, Arnold (1882) referred the taxon to Bilimbia sabuletorum (Schreb.) Arnold, the basionym of which (Lichen sabuletorum Schreb.) was described 18 years earlier than Lichen sanguineoater. Because no original material of Wulfen's taxon is found in either M or W to confirm or reject Arnold's determination, subsequent authors referred to the species as L. sanguineoatra auct. (e.g., Aptroot et al. 2009 ), or L. sanguineoatra sensu A. L. Smith (e.g., Index Fungorum 2012) . In order to avoid further confusion, we here designate a neotype for Wulfen's name that matches current usage.
Discussion
Systematic position
In the study by Buschbom & Mueller (2004) , Bryobilimbia sanguineoatra [as Mycobilimbia hypnorum (Lib.) Kalb & Hafellner] grouped with Clauzadea, which in turn formed a sister group, although with little support, to a group containing Farnoldia, Melanolecia Hertel, Notolecidea Hertel and Pachyphysis R. C. Harris & Ladd, in a group outside the core Lecideaceae. However, for want of a better alternative, all of these genera were included in the Lecideaceae by Lumbsch & Huhndorf (2010) . Subsequent molecular work by Schmull et al. (2011) has shown that the L. hypnorumgroup is not congeneric with the 'Lecidea' berengeriana group but is more closely related to Lecidoma, and also indicated an anomalous position of these two groups outside the major groups in Lecanoromycetidae. Our study confirms these relationships but does little to resolve them. It does, however, indicate that Bryobilimbia and L. berengeriana are more closely related to each other than suggested by Schmull et al. (2011) . Further work, including other species of Bryobilimbia and the L. berengeriana group (see excluded species), along with other taxa with a Lecidea or Porpidia-type ascus that were shown by Buschbom & Mueller (2004) to be related to Farnoldia (e.g., Melanolecia, Pachyphysis, Poeltiaria, Poeltidea, etc.), is required to clarify the higher systematic position of these two groups of species.
Conidiomata
Pycnidia are very rare in Bryobilimbia. To our knowledge, they have been reported only from B. australis by Kantvilas et al. (2005) , who described them as ''uncommon, black, rather glossy, superficial, 0Á10-0Á15 mm wide, resembling apothecial initials; ostiole gaping at maturity, becoming excavate; wall in section dark brown to purple-brown with blue-black, K+ aeruginose pigment. Conidia bacilliform, 4-5 Â 1 mm''. Unfortunately, Kantvilas et al. (2005) did not record details of the conidiophores or the attachment of the conidia. However, inspection of a collection of B. australis housed in MSC (Imshaug 42125) confirmed the description given by Kantvilas et al. (2005) and revealed that the conidia were acrogenous, borne singly on conidiophores with an unbranched terminal cell measuring 12-15 Â 3 mm.
Comparison of Bryobilimbia with similar genera
A number of other genera, all with Porpidiatype asci, have characters that are similar to those of our new genus. The differences between Bryobilimbia and similar genera are shown in detail in Table 3 .
Clauzadea. The species of this genus differ in having branched, partly moniliform paraphyses, the ascospores having a poorly-to well-developed perispore and/or gelatinous coat, and in the extremely rare occurrence of blue-green granules in the hymenium, hypothecium, and excipulum. Clauzadea is also a genus of calcareous rocks, whereas the species of Bryobilimbia are primarily bryophilous (over various substrata). However, L. ahlesii and two undescribed species known to us occur on damp siliceous rocks and are also referable to Bryobilimbia.
Lecidea berengeriana. It is currently unclear which species formerly considered as belonging to the 'Lecidea hypnorum group' (see below) are referable to Bryobilimbia and which are more closely related to L. berengeriana. However, it appears that L. berengeriana and closely related species are distinguished morphologically from Bryobilimbia by having a thick tartareous to subsquamulose thallus, capitate paraphyses to 6 mm wide, and ellipsoid conidia. This last character is also shared with Romjularia, supporting the relationship revealed by the molecular analysis. The mature ascospores also lack any perispore or gelatinous coat and there are rarely any blue-violet (K+ green) granules in apothecial sections, a feature that is characteristic of Bryobilimbia. There is also some evidence that apothecium development is gymnocarpous in L. berengeriana whereas it is hemiangiocarpous in Bryobilimbia (A. M. Fryday, unpublished data). Lecidoma. The single species, L. demissum, differs from Bryobilimbia most significantly in having a chlorococcoid photobiont that divides into 2-4 daughter cells, and a hyaline hypothecium (always red-brown in Bryobilimbia). The apothecia also lack the blueviolet (K+ green) granules in section that are characteristic of Bryobilimbia, and the mature ascospores lack any perispore or gelatinous coat. The species is restricted to acid soils in alpine regions.
Romjularia. The single species, R. lurida, differs from Bryobilimbia in having a thallus composed of squamules up to 5 mm across that are rounded at the apices, apothecia with a pale brown hypothecium, and ellipsoid conidia. The apothecia lack the blueviolet (K+ green) granules in section that are characteristic of Bryobilimbia, and the mature ascospores lack any perispore or gelatinous coat. The species is also restricted to calcareous soils associated with limestone.
Key to Bryobilimbia and related genera
This is a preliminary key to the genera of Lecideaceae s. lat. that appear closely related to Bryobilimbia. A full key to the genera of Lecideaceae s. lat. is in preparation and will be published elsewhere (Fryday & Hertel 2014 The type collection is Carbonea latypizodes (Nyl.) Knoph & Rambold and the other collections mentioned by Knudsen (2005) are Placynthiella hyporhoda (Th. Fr.) Coppins & P. James (C. Printzen, unpublished data).
In addition, the following species, which are traditionally included in the 'Lecidea hypnorum group', are not here included in
